Abstract We restrict the degenerate quadratic forms of a finite field to its subspaces and quotient spaces. And some related results on the subspaces and quotient spaces are obtained. Based on this, we solve the weight hierarchies of a family of linear codes relating to these degenerate quadratic forms.
. Weight hierarchies of linear codes have been an interesting topic for their important value in theory and application. However, it is hard to settle the weight hierarchy of a linear code.
Let p be an odd prime and F p n be a finite field with p n elements. Denote by C ⊂ F n p an [n, k, d] p-ary linear code with minimum Hamming distance d [10] . Let [C, r] p be the set of all r-dimensional subspaces of C. For V ∈ [C, r] p , define Supp(V ) = {i|x i = 0 for some x = (x 1 , x 2 , · · · , x n ) ∈ V }. Then we define the r-th (1 ≤ r ≤ k) generalized Hamming weight d r (C) of linear code C by d r (C) = min{|Supp(V )|V ∈ [C, r] p }.
In particular, d 1 (C) = d. And the weight hierarchy of C is defined as the set {d i (C)|1 ≤ i ≤ k} (see [10, 13] ).
A generic construction of linear code was proposed by Ding et al.( [4, 5] ).
It is as follows. Let Tr denote the trace function from F p m to F p and D = 
and D is called the defining set. Many classes of linear codes with a few weights were obtained by choosing properly defining sets [8, 16, 23, 25, 27] . In this paper, we discuss the generalized Hamming weights of a class of linear codes C D , whose defining set was chosen to be
Here f is a degenerate quadratic form over F p m with values in F p .
In [28, 29] , Z. Wan and X. Wu calculated the weight hierarchies of the projective codes from quadrics by the theory of finite geometry. In the case a = 0, the weight hierarchy of C D0 can be deduced from Theorem 18 in [29] . In our paper, we give a different approach to calculating the weight hierarchy of C Da , a ∈ F p . Also in our previous work [18] , the weight hierarchy of C Da (a ∈ F p ) relating to non-degenerate quadratic forms were solved.
In reference [26] , K. Ding and C. Ding constructed the linear codes C Da in the case a = 0 relating to the special quadratic form Tr(X 2 ) and determined their weight distributions. In [7, 25, 24] , the weight distributions of C Da from general quadratic forms were settled. By these results, we know that C Da is an m-dimensional linear code. So we can employ a general formula for calculating the generalized Hamming weights of linear codes defined in (1) . It is given as follows. 
T , where T represents the transpose of a matrix.
Let f : F p m → F p be a quadratic form over F p m with values in F p [14] . And
where A is the symmetric matrix (a ij ) 1≤i,j≤m and
The rank R f of quadratic form f is defined to be the rank of matrix A. We say that f is non-degenerate if R f = m and degenerate, otherwise.
We can find a invertible matrix M such that M T AM is a diagonal matrix
with the choice of the invertible matrix M, η(∆ m ) is an invariant, which is called the sign of the quadratic form f. We denote it by ǫ f . Here η is the quadratic character of F p . Meanwhile, η(0) is defined to be zero.
Then H ⊥ is called the dual space of H. And R f can also be defined as the
Restricting the quadratic form f on H, we get a quadratic form over H in d variables. It is denoted by f | H .
Similarly, we define the dual space H
Let R H , ∆ H be the rank and discriminant of f | H over H, respectively. Obvi-
The following lemma tells us the number of solutions in H of the equation f (x) = a.
For later use, we need three results in the case that f is a non-degenerate quadratic form. They are listed as follows. 
Proof. Suppose dim(H) = r, then we can set 
Here M is the square matrix (F (β i , η j )) 1≤i,j≤e .
Then the desired result follows and we complete the proof.
From now on, we suppose f is a degenerate quadratic form. Let F p m be the
It is well-defined since f (γ) = 0 for each γ ∈ F ⊥ p m . So f can be viewed as a non-degenerate quadratic form over F p m . Let ∆ m and ǫ f denote the discriminant and sign of f over F p m , respectively. It is easy to see ∆ m = ∆ m and ǫ f = ǫ f .
Let ϕ be the canonical map from F p m to F p m [15] . For a subspace H ⊂ F p m , denote by H the image of H under ϕ, i.e., H = ϕ(H). In the absence of confusion, also we use H to represent a subspace of F p m . Define the dual space
For the dual spaces, we have an interesting conclusion as below.
On the other hand, let x be an element of H ⊥ . For each y ∈ H, we have
Remarks. Since f is a non-degenerate quadratic form over F p m , the results in Lemmas 2, 3 and Proposition 1 can be applied to F p m .
Weight Hierarchies of Linear Codes Defined in (2)
By our method, we have successfully settled the weight hierarchies of C Da in the case a = 0. However, in this case a = 0, the weight hierarchies can be derived from Theorem 18 in [29] . So in this section, we are just presenting the weight hierarchies of C Da , a ∈ F * p .
, then for the linear codes defined in (2), we have
Proof. For s ≤ r < m, we assert that there exists an (m − r)-dimensional subspace H m−r ⊂ F p m satisfying R Hm−r = 1 and η(∆ Hm−r ) may take values 
then for the linear codes defined in (2) we have
Proof. For 1 ≤ r ≤ s, by Lemma 3, there is an r-dimensional subspace 
then for the linear codes defined in (2) we have The above examples have been verified by Magma.
